Objective-To see whether the incidence of cerebral herniation is increased immediately after lumbar puncture in children with bacterial meningitis and whether any children with herniation have normal results on cranial computed tomography.
Introduction
Cerebral or cerebellar hemiation (coning) is a catastrophic complication of bacterial meningitis with a high risk of fatal outcome or long term results. Herniation can occur soon after diagnostic lumbar puncture,'4 but whether lumbar puncture causes herniation is controversial. This has led to conflicting recommendations about when to perform lumbar puncture in an unconscious child who may have meningitis; some suggest that it should be done immediately in any child suspected of having meningitis' and others that cranial computed tomography should be performed before lumbar puncture.'
We reviewed the histories of children with meningitis and cerebral herniation at a large urban teaching hospital to determine, firstly, whether the incidence of cerebral herniation immediately after lumbar puncture was increased and, secondly, whether any children with herniation had normal results on computed tomography.
Patients and methods
This hospital is the paediatric referral centre for a population of about 4-5 million people; patients managed at the hospital are sicker than average because many uncomplicated cases are treated at peripheral hospitals. The medical records department supplied a list of all children over 30 days old who were discharged with a diagnosis of bacterial meningitis in the six years from 1984 
Results
During the study 445 children over 30 days old were discharged from the hospital with a diagnosis of bacterial meningitis; their geometric mean age was 2-0 years (range 4 months to 15 years). Thirty one children died and another 127 children were admitted to intensive care or had cranial computed tomography, or both; the records of 157 of these 158 children were available for review.
Cerebral herniation occurred in 19 (4 3%) of the 445 children, and 14 (74%) of the 19 children with hemiation died (table I) . Herniation occurred on two separate occasions in two of the 19 children (cases 5 (a and b) and 10 (a and b)). Herniation was not found at postmortem examination in a 22 month old child (case 13) who satisfied four of the five clinical criteria for hemiation (he had normal posture), but the examination did show necrosis of the cerebellar tonsils and haemorrhage of the brain stem. The figure shows the time from lumbar puncture to hemiation in the 19 episodes of herniation in the 17 children with herniation who had a lumbar puncture; 12 of the 19 herniations occurred in the first 12 hours after lumbar puncture, whereas the seven others occurred over six other 12 hour periods (p <0001, two tailed Fisher's exact test; odds ratio 32-6 (95% confidence interval to 1 17 3)).9 Herniation occurred within three hours of lumbar puncture in eight children. At the time of lumbar puncture three children were unresponsive to pain (cases 7 4 Rosenberg et al, however, found no relation between lumbar puncture and hemiation."
There was an indication to delay lumbar puncture in six of the eight children in our study in whom hemiation occurred within three hours of lumbar puncture: three children were unresponsive to pain, two had focal neurological signs, and one had decerebrate posturing. Of the remaining two, one (case 12) had hypotonic cerebral palsy and was hard to assess and the other (case 9) had stiffness of the neck and was drowsy but rousable; she made a good recovery.
In our study computed tomography of the brain yielded normal results in five (36%) of the 14 episodes of herniation in which a scan was performed at about the time of the hemiation. Rosenberg et al reported that nine out of 11 patients with herniation had abnormal results, implying that two (1/8%) had normal results." Normal results on computed tomography of the brain do not mean that it is safe to do a lumbar puncture in a patient with meningitis.
What are the implications of our study for the management of acutely ill children? We suggest that a clear distinction needs to be made between children who are not severely ill and who will be sent home if the results of a lumbar puncture are normal and children who are so ill that they will be admitted and given antibiotics even if the initial results of a lumbar puncture are normal. 
